Abstract: Because it remains uncertain whether b-blockers (BBs) and/or renin-angiotensin system inhibitors benefit a broad population of acute myocardial infarction (AMI) patients, we sought to evaluate the effectiveness of these drugs in improving survival for post-AMI patients who underwent a percutaneous coronary intervention (PCI).
INTRODUCTION

D
ue to their anti-ischemic and anti-arrhythmic effects, bblockers (BBs) reduce mortality in patients with acute myocardial infarction (AMI) and heart failure. [1] [2] [3] In addition, early clinical trials have found that angiotensin-converting enzyme inhibitors (ACEIs) prevented ischemic events and mortality in patients with AMI. 4, 5 Thus, secondary prevention protocols including these agents are regarded to be standard therapy following an AMI, along with aspirin and statins. Reflecting the results of the Valsartan in Acute Myocardial Infarction (VALIANT) trial, which showed equivalent outcomes between captopril and valsartan in post-AMI patients, 6 the current guidelines advocate the long-term use of a BB and an ACEI/angiotensin II receptor antagonist (ARB) in patients who recover from an AMI regardless of their individual cardiovascular risk profiles. [7] [8] [9] Although there is no doubt that these medications offer the most benefit to AMI patients complicated with left ventricular dysfunction or heart failure, there is still uncertainty about prescribing these agents to a real population of unselected AMI patients. Several previous studies have documented less benefit with these agents in patients with lower-risk myocardial infarctions. 5, 10 Moreover, most of these studies were conducted before the modern era of reperfusion with percutaneous coronary intervention (PCI), and the routine implementation of this more effective treatment raises further questions about the relevance of current BB-and ACEI/ARBrelated secondary prevention recommendations in all post-AMI patients. 11 Therefore, we sought to evaluate the effectiveness of BB and/or ACEI/ARB treatment in improving survival using the nationwide data from the National Health Insurance (NHI) in South Korea by including all consecutive AMI patients who underwent a PCI.
METHODS
Data Sources and Study Population
This study was supported by the National Strategic Coordinating Center of Clinical Research and the Health Insurance Review and Assessment Service (HIRA) and was approved by the Institutional Review Board of Asan Medical Center, Seoul, South Korea. All South Koreans are beneficiaries of the NHI system of South Korea and all healthcare providers are legally required to join the NHI system on a fee-for-service basis. The HIRA is a quasigovernmental organization that systematically evaluates the medical expenses reported from healthcare providers to minimize the risk of redundant and unnecessary medical services. Consequently, all NHI claims are reviewed by the HIRA and are systematically classified and recorded in an independent computerized database. The individual diagnoses are coded according to the International Classification of Diseases, 10th Revision (ICD-10). All prescribed medications were exclusively recorded with high accuracy and were basically classified according to the international Anatomical Therapeutic Chemical (ATC) classification system of the WHO Collaborating Center for Drug Statistics Methodology. 12 Specific information about the drugs and procedures were identified by self-developed codes from the HIRA.
From the HIRA database, we identified patients aged 18 years and older who had undergone a PCI (M6551, M6552, M6561-4, M6571, and M6572) for the diagnosis of an AMI (ICD-10 codes I21.X-I23.X) from June 2009 to July 2013. Patients who had a previous record of any type of coronary artery disease (ICD-10 codes I20.X-25.X) were excluded to ensure that we only enrolled patients with their first episode of AMI. Patients who died during hospitalization or within 30 days after the index procedure were excluded to reduce patientrelated confounding factors by creating a more homogeneous population. We also excluded patients with incomplete data on any of the relevant covariates included in the final regression model.
Study Variables
Individual comorbid conditions were identified using the ICD-10 codes, including diabetes with/without chronic complications, hyperlipidemia, hypertension, congestive heart failure, cardiac arrhythmia, valvular heart disease, peripheral vascular disorder, cerebrovascular disease, chronic pulmonary disease, moderate or severe liver disease, renal disease, any malignancy, and rheumatic disease. To measure the patients' comprehensive life expectancy, the Charlson comorbidity index was calculated and used in the analysis. 13 The hospital discharge medications considered for our present analysis were antiplatelet agents (ATC code: B01AC), statins (ATC codes: C10AA, C10BA, and C10BX), ACEIs (ATC codes: C09AA, C09BA, and C09BB), ARBs (ATC codes: C09CA, C09DA, and C09DB), calcium channel blockers (ATC codes: C08, C09BB, C09DB, and C10BX), diuretics (ATC codes: C03, C07B, C07C, C09BA, and C09DA), and BBs (ATC code: C07). Patients were grouped into exposure categories according to the combination of BB and ACEI/ARB prescribed. The 4 mutually exclusive exposure categories were constructed as ''no drugs'' (i.e., no BB or ACEI/ARB), ''BB only'', ''ACEI/ARB only'', and ''BB and ACEI/ARB.'' The primary outcome of our current analyses was all-cause mortality. Death was identified by all in-and outpatient claims records that indicated death. All claims data until December 2013 were used for our present analysis.
Statistical Analysis
Categorical variables are summarized as frequencies with percentages, and continuous variables as mean values with standard deviation. Between-group comparisons were performed using the Pearson x 2 test for categorical variables, and one-way ANOVA for numerical variables. To investigate the associations of BB and/or ACEI/ARB treatment with mortality after AMI, relative risks of death were estimated using Cox proportional hazards regression models, with ''no drugs'' group as the reference. Clinically relevant variables listed in Table 1 were selected as potential risk-adjusting variables. Variables with a P value 0.1 in univariate analyses were included in a multivariable Cox regression model. The final models for each end point were determined by backward stepwise elimination procedures in which the least significant variable was discarded 1 by 1 from the full model. All reported P values are 2-sided and a probability value of P <0.05 was considered significant. Data management and statistical analyses were conducted using SAS Version 9.1 (SAS Institute Inc, Cary, NC).
RESULTS
A total of 44,627 patients who underwent PCI with a diagnosis of AMI between July 2009 and June 2013 were identified. The main analysis cohort comprised 33,390 patients who met the eligibility criteria; 16,280 patients were treated with both BB and ACEI/ARB, whereas 3683 received only BB, 9849 received only ACEI/ARB, and 3578 took neither of these types of medications ( Figure 1 ). The baseline characteristics of the study patients are presented in Table 2 . The mean age of the cohort was 62 years and it comprised 24,847 men (74.4%). Overall, diabetes was observed in 10,014 patients (30.0%) and 1183 (3.5%) suffered from malignancy. The number of patients who underwent PCI for AMI gradually increased over time during the study period, from 6743 in 2009 to 2010 to 9674 in 2012 to 2013 (a 43% increase). Most of the study population was treated with aspirin (94.2%) and statins (94.0%). Carvedilol (73.7%) was the predominantly prescribed BB, followed by nebivolol (9.3%) and bisoprolol (7.8%), while among ACEI/ARBs, valsartan (23.1%), candesartan (21.8%), and losartan (17.5%) were used in a similar frequency (Supplemental Table 1 , http://links.lww.com/MD/ A740). The patient characteristics according to the prespecified study categories are displayed in Table 1 . Patients in the ''no drugs'' category tended to be older and had a higher prevalence of renal disease and malignancy. Patients in the ''BB and ACEI/ARB'' category were more likely to have hypertension and hyperlipidemia. The Charlson comorbidity index score was highest in the ''no drugs'' group and lowest in the ''BB only'' group and this trend was relatively consistent throughout the study period (Table 3) . The proportion of patients treated with BB or ACEI/ARB during the study period is shown in Figure 2 . Overall, the proportion of AMI patients treated with either BB or ACEI/ARB gradually decreased over time, whereas those treated with BB showed a considerable decrease of 17% from 2009-2010 to 2012-2013. Specifically, the proportion of patients treated with ACEI/ARB alone substantially increased, whereas the ratios of those treated with BB alone were relatively steady throughout the 4-year period. Notably, a 17.6% decrease in patients treated with both BB and ACEI/ARB occurred between 2009-2010 and 2012-2013 with a gradual increase in the patient proportion that took neither of these medications.
The median length of follow-up was 2.4 years (interquartile range, 1.4-3.4 years). During the follow-up period, there were 1080 deaths (3.2%), of which 164 (4.6%), 109 (3.0%), 293 (3.0%), and 514 (3.2%) occurred in ''no drugs'', ''BB only'', ''ACEI/ARB only,'' and ''BB and ACEI/ARB'' group, respectively. Overall, compared with the reference group of ''no drugs,'' the unadjusted risk of all-cause death was significantly lower when AMI patients were treated with either BB (hazard ratio [HR] 0.59, 95% confidence interval [CI] 0.46-0.75, P < 0.001) or ACEI/ARB (HR 0.64, 95% CI 0.53-0.78, P < 0.001) after PCI ( Figure 3 ). However, after adjustment for possible clinical confounders, the difference failed to reach statistical significance, although there was a trend toward improved survival in those populations (BB only: adjusted HR 0.88, 95% CI 0.68-1.14, P ¼ 0.325; ACEI/ARB only: adjusted HR 0.84, 95% CI 0.68-1.04, P ¼ 0.111). Although patients treated with both drugs showed a similar survival trend (adjusted HR 0.86, 95% CI 0.70-1.06, P ¼ 0.154), no additional benefit was found versus those treated with each drug alone (Table 4) .
DISCUSSION
In our present analysis of South Korean NHI data that included 33,390 unselected nonfatal AMI individuals who underwent PCI and survived at least 30 days, we found that treatment with BB or ACEI/ARB was associated with a nonsignificant reduction in the risk of all-cause mortality (12%-16%) during a median follow-up of 2.4 years and that treatment with the 2 drugs together had no further survival benefit over treatment with either alone.
The clinical benefit of BB or ACEI/ARB in patients after AMI may be partly mediated by a reduction in the risk of recurrent ischemic events, improvement in hemodynamics, and reduction in congestive heart failure. 14, 15 By virtue of these benefits, several randomized controlled trials have shown a survival benefit of these drugs for secondary prevention, with some studies emphasizing that these 2 drugs have an additive effect. 1, [16] [17] [18] [19] The results of these studies have long been reflected in the clinical guidelines, which recommend routine use of BB and ACEI/ARB in all AMI patients unless contraindicated. [7] [8] [9] 20 However, concerns have been raised about these recommendations because most of the data to support the use of these drugs predate the era of reperfusion therapy and modern secondary prevention, making them low-quality evidence from the current perspective. Moreover, it is controversial whether this medical prevention improves clinical outcomes in relatively low-risk patient groups (e.g., small AMI, normal left ventricular function, single-vessel disease) and several studies suggested that there might be different drug responses in different patient subgroups after AMI (e.g., sex, cardiac rhythm, type of AMI). 21, 22 Thus, considering the potential adverse events attributed to therapy with BB or ACEI/ARB, treatment of the unselected AMI population with these agents might be inappropriate in the modern PCI era. Our current study, based on reliable nationwide data that included all AMI patients who underwent PCI from 2009 to 2013, may provide an important ''real world'' insight into this debatable issue.
In our present analysis, the unadjusted incidence of allcause death was significantly lower in patients who were treated with either BB or ACEI/ARB than in those who were not. This finding may be partly explained by the characteristics of the patients allocated to the control group because they were older and had a more severe medical condition, as reflected by a higher Charlson comorbidity index. However, after adjusting for possible confounding variables, the statistical differences in the risk of death among all study groups disappeared. Nonetheless, we observed a trend for a reduction in mortality risk in BB-and/or ACEI/ARB-treated patients compared with untreated ones. There may be several possible explanations for our present study findings. First, the beneficial effects of BB or ACEI/ARB may have been offset by a more effective reperfusion therapy. In patients with AMI, PCI can reduce the size of the infarction or the residual myocardium in jeopardy and thus modify the underlying substrate responsible for the patient's future risk of cardiac events. [23] [24] [25] A recent metaanalysis conducted by Bangalore et al 26 that focused on BB therapy reported this important issue. After analyzing 60 trials including 102,003 patients, they found that treatment of AMI patients with BB reduced mortality in the prereperfusion era but not in the reperfusion era. Because many trials eligible for the reperfusion era in this meta-analysis included those from the fibrinolytic era, we can speculate that a more effective reperfusion method such as PCI may further reduce the benefit of BB in the setting of AMI. On the basis of this theory, the impact of reperfusion therapy on the effect of ACEI/ARB therapy may be extrapolated by considering how ACEIs/ARBs benefit post-AMI patients. 4, 5 Second, other drugs that protect against cardiovascular events and mortality in contemporary practice may have played a role. These drugs, particularly adenosine diphosphate receptor antagonists and statins, were not systematically used in early BB and ACEI/ARB trials and, furthermore, fewer study patients received aspirin compared with the current practice. 1, [16] [17] [18] [19] Although these drugs exploit somewhat different mechanisms to prevent events after AMI, wide use of antiplatelet agents and statins in our study may have attenuated the survival benefit of BB and ACEI/ARB. Finally, our current findings may be attributable to a mixed population of different cardiovascular risk factors. Evidence indicates that both BB and ACEI/ARB may be of less benefit in certain patient subgroups with lower cardiac risk. 10, 11, 18, [27] [28] [29] [30] In a clinical situation, most AMI patients may be classified as a low-risk population according to the Trandolapril Cardiac Evaluation study. 15 That Danish study consecutively screened all patients with enzyme-confirmed AMI, with the investigators estimating that their higher risk patients-selected by echocardiography-represent 25% of the AMI population. Moreover, because our present cohort only included patients who survived at least 30 days after the index procedure, more patients with preserved left ventricular function and a relatively lower cardiac risk profile may have been selected. Thus, it is likely that the greater benefits of BB or ACEI/ARB observed in the more selective trials are diluted because many patients who would not benefit from these medications were included in our study. Conversely, a patient subset that would greatly benefit from these medical therapies may exist in our study population, an aspect that needs to be clarified in the future.
It is important to note that BBs have not been systematically investigated in contemporary AMI trials using PCI. 30 Also, opinions still differ on whether ACEIs/ARBs should be given to all post-AMI patients or to selected at-risk patients only. 8, 9, 31 Accordingly, the adherence to these guideline-based medications differs substantially among cardiovascular societies. 32, 33 In South Korea, based on our nationwide data, BBs (59.8%) and ACEIs/ARBs (78.3%) were used far less often during the study period than other evidence-based medicines such as aspirin, adenosine diphosphate receptor antagonists, and statins. Particularly, as the number of PCIs for AMI increased, BB treatment decreased substantially over time, with only half of the patients treated in the 2012 to 2013 period receiving PCI. This approach contrasts with the American Heart Association guidelines, which recommend oral BBs as a class I indication for all patients with AMI for at least 3 years. 7 Although this trend was less dominant for ACEIs/ARBs, the lack of evidence to support routine use of BB and ACEI/ARB in AMI patients who underwent PCI may have contributed to this discrepancy. Further investigation is needed to resolve this issue.
Our present study had limitations inherent to its nonrandomized, observational design. First, similar to previous studies using an administrative database, we did not have full information on the medication dose and frequency, limiting the interpretation of our results concerning the effective guideline-recommended dose. Second, we had no clinical data regarding the cardiac test findings or vital signs of each individual, such as the ventricular ejection fraction, type of AMI, Killip class, or the extent of coronary artery disease. Thus, although we adjusted for a wide range of patient characteristics, we could not rule out the possible influence of unmeasured confounding factors or selection bias. However, patients who died during hospitalization or within 30 days after the index procedure were excluded by our study design, which may have reduced possible biases due to differences in baseline characteristics between the groups. Third, because Korean population was exclusively included in our study, it is uncertain whether these findings can be applied to other ethnic groups with different patient characteristics and procedural strategies. 34, 35 Finally, our study population did not include AMI patients who underwent coronary artery bypass graft surgery or medical treatment alone, limiting its applicability to the entire AMI population. However, most patients receive PCI as the primary therapy in the real-world setting and a large sample size and the reflection of current real-world practice, such as high rates of aspirin and statin use, may be the strengths of our study.
CONCLUSION
In unselected AMI patients who underwent PCI and survived at least 30 days, the effects of BBs and/or ACEIs/ARBs on survival, in conjunction with broad use of antiplatelet agents and statins, are limited. These results should be confirmed by future dedicated large, randomized clinical trials with a longterm follow-up. 
